Abstract--The Pueblo Viejo district is one of the largest producers of precious metals in the world, yielding more than 11,000 kg of Au annually. Gold mineralization at Pueblo Viejo is hosted in spilite, and coarse elastic and finely laminated, fine grained carbonaceous sedimentary rocks of the Lower Cretaceous Los Ranchos Formation. Mineralization was accompanied by sulfidation as evidenced by (I) the occurrence of siderite distal to mineralization and pyrite proximal to mineralization, (2) increased S/Fe ratios associated with Au mineralization, (3) the occurrence of native S in and adjacent to mineralization, and (4) the presence of sulfidized organic matter (organo-S compounds) in mineralized rocks. Organic matter in the carbonaceous sedimentary rocks comprises vitrinite and pyrobitumen. Rock-Eval pyrolysis data indicate that this organic matter is overmature (HI < 55). The organic matter is S-rich (up to 14 wt% S) in rocks where all Fe has been sulfidized to pyrite. X-ray absorption near edge structure (XANES) analysis indicates that the C-bonded S is thiophenic. Early disseminated Au mineralization is postulated to have occurred in response to sulfidation of ferrous Fe to form pyrite. The consequent decline in the activity of H2S in the mineralizing fluid would have destabilized Au bisulfide complexes and caused deposition of gold. The restriction of S-rich organic matter to rocks in which all Fe occurs as pyrite indicates that sulfidation of organic matter postdates sulfidation of ferrous Fe and therefore, deposition of much of the Au.
INTRODUCTION
ALTHOUGH thermal alteration of organic matter in hydrothermal systems is a well documented phenomenon (e.g. SIMONEIT, 1988; ILCHIK et al., 1986 , other papers in this issue), descriptions of chemical interaction between organic matter and hydrothermal fluids are scarce. Research discussing the chemical interaction between organic matter and hydrothermal fluids has been confined largely to alteration of organic matter associated with base metal mineralization (e.g. POWELL and MACQU~r~, 1984; MAC-QUEEN and POWELL, 1983; POT'rMANN et al., 1988) . This is remarkable because organic matter occurs in a wide variety of ore deposits and hydrothermal systems and it is the chemical interaction between rocks and hydrothermal fluids that causes metal leaching and deposition. If we are to understand the association between many ore deposits and organic Ccontaining sedimentary rocks, we must understand the effects of interaction between hydrothermal fluids and organic matter.
Sulfidation, which is the addition of reduced S to the components in a rock, is a type of fluid-rock interaction that is of great interest to both inorganic and organic geochemists. Evidence for sulfidation was noted in early work at Pueblo Viejo when KESLER et al. (1981) reported that organic matter in mineralized rock contained S. Later work (Km'TLER et al., 1990) has documented sulfidation of inorganic components and demonstrated that this sulfidation was $Present address: Department of Geology, University of Nebraska, Lincoln, NE 68588-0340, U.S.A. associated with the precious metal depositionTThese observations prompted us to examine the organic matter and its alteration by S-rich hydrothermal fluids with several specific questions in mind. Does sulfidation of organic matter occur in hydrothermal systems? If so, what S-bearing functional groups are formed? What is the relation between sulfidation of organic matter and sulfidation of metals? Can sulfidation of organic matter effect precious metal deposition? The research reported here is part of a larger study of alteration and mineralization in the Pueblo Viejo Au-Ag district in the Dominican Republic. In this paper we document hydrothermal sulfidation of organic matter in the Au-Ag deposits of the Pueblo Viejo district, Dominican Republic. We also identify the S-bearing functional group in the organic matter and discuss the importance of organic matter sulfidation to precious metal mineralization.
ANALYTICAL METHODS
The objectives of the analytical work in this study were to assess the thermal maturity of the organic matter, determine the content and distribution of S in the organic matter and to identify the S-bearing functional group or groups in the organic matter.
To assess thermal maturity, Rock-Eval pyrolysis analyses were performed on a Delsi-Nermag Rock-Eval II pyrolysis instrument. Approximately 100 mg of coarsely ground sample was heated in helium from 250 to 550"C at a rate of 25*C/min. Nomenclature and data reduction follow ESP^TI-LII~ et al. (1977) .
Sulfur analyses were made using a fully automated CAMECA Camebax electron microprobe. The beam current was 10 r/A with a 15 keV accelerating voltage. Pyrite was used as the standard for S determinations. The location of the peaks for C-bonded S and pyrite S differed by 0.0005 A in their wavelength dispersive spectra. This difference in peak location, although the basis for the XANES analysis, has a very small effect on the S determinations. The S contents reported here (Table 2) are low (<5% of the measured value) as a result of this systematic error. Two procedures for data reduction were used. In low-S samples (<2% S) the C content of the macerals was fixed at 99%. In high-S samples (>2% S) the C content was determined by difference after determination of the S contents. While the C contents used are approximate, they provide a realistic matrix for ZAF corrections during data reduction.
The S-bearing functional group was identified using XANES analysis. Organic matter-pyrite separates for XANES analysis were made by dissolving a sample of ore in concentrated HCI for 24 h followed by reaction with HF for 1 week at room temperature. Spent HF was decanted daily and replenished with fresh HF. The sample was stirred daily with a polypropylene stirring rod. After dissolution of the silicate matrix was complete the sample was rinsed with distilled water to remove HF, and reacted with a solution of 1 M CrCI2 in 0.5 N HCI to remove pyrite. This treatment was continued for a week with the CrCI 2 solution being changed daily. Pyrite removal was not complete. The separates contained all organic matter that was insoluble in HCI and HF.
Solid samples were ground to an extremely fine powder and dispersed thinly on mylar tape (containing a S-free adhesive). The S K-edge spectra were measured using the 8-pole wiggler beam line VII-3 at the Stanford Synchrotron Radiation Laboratory (SSRL), under dedicated conditions (3 GeV, 30-50 mA) with a Si(111) double crystal monochromator. The monochromator was detuned 80% to eliminate higher harmonics from the X-ray beam.
The data were collected as fluorescence excitation spectra using an ionization chamber of the Stern-Heald type as the fluorescence detector (STERN et al., 1982) . The X-ray beam path and incident beam ion chamber were filled with He; the fluorescence ion chamber contained N2. The energy was calibrated by reference to the "white-line" maximum for Na2SO4, assigned as 2482.8 eV. Reproducibility of the energy calibration, determined by comparison of duplicate measurements for selected model compounds, was better than 0.15 eV.
All spectra were normalized and placed on a quasiabsolute absorption scale by scaling the data and fitting a single low-order polynomial to the pre-edge and post-edge regions. The data in these regions were constrained to fit tabulated X-ray absorption cross sections (McMASTER et al., 1969 ). Normalized fluorescence spectra were then corrected for the line-broadening and attenuating effects of self-absorption with a general expression for fluorescence intensity as a function of sample elemental composition, incident X-ray intensity, and sample thickness (GouLON et al., 1982) . The details of the normalization and selfabsorption correction are described by WALDO and PENNER- HAHN (1990) .
GEOLOGICAL SETTING AND MINERALIZATION IN THE PUEBLO VIEJO DISTRICT

Geology of the Pueblo Viejo district
The Pueblo Viejo district RUSSELL et al., 1981; KESLER et al., 1986; ) is located 50 km northwest of Santo Domingo in the Cordillera Central; the axial mountain range on the island of Hispaniola (Fig. 1) . The Cordillera Central comprises largely the actinolitic amphibolite of the Duarte Formation and the albitequartz-sericite schist of the Maimon Formation, which appear to represent oceanic crust and some of the earliest volcanic rocks in the Greater Antilles arc, respectively (BowlN, 1975) . Mineralization at Pueblo Viejo is hosted by the Cretaceous Los Ranchos Formation , which is approximately 125 Ma old; roughly the same age as metamorphism of the Duarte and Maimon Formations (Bowls, 1975; I~SLER et aL, 1981) .
The Los Ranchos Formation consists of spilite and keratophyre flows and intrusions, and elastic sedimentary rocks derived from these rocks Ranchos Formation, that has been interpreted to be a maar (SILUTOE and BONHAM, 1984; KESLER et al., 1986) . This basin is floored by a thick sequence of Platanal Spilite that is overlain by, and interfingers with, spilite clast conglomerates. The spilite conglomerates fine upward into feldspathic arenites interbedded with finely laminated, black siltstones which have been referred to as the "carbonaceous sediments" . RUSSEL et al. (1986) described abrupt lateral facies changes between conglomerates and the carbonaceous sedimentary rocks and suggested that the present basin outline approximates its original geometry on the north and west sides.
Mineralization at Pueblo Viejo
The two largest orebodies at Pueblo Viejo are Moore and Monte Negro, which are located on the flanks of the sedimentary basin (Fig. 2) . Mineralization comprises native Au and electrum with pyrite, sphalerite, enargite, and lesser amounts of bournonite, chalcostibite, tennantite-tetrahedrite and boulangerite (HARTLEY and WlcK, 1979; KESLER et al., 1981; RUSSELL et al., 1986) . Sulfide mineralization occurs in veins and as disseminations. At shallow depths the sulfide mineralization has been oxidized by weathering. To date only the oxidized ore has been mined. The oxidized portion of the Moore deposit contains 30 Mt of ore with an average grade of 3.8 ppm Au and 21.0 ppm Ag . The unweathered portion of the Moore deposit contains 64 Mt of mineralized rock with an average grade of 3.51 ppm Au and 19.1 ppm Ag. In the Monte Negro system the oxidized orebody contains 14 Mt of ore with average grades of 3.35 ppm Au and 7.6 ppm Ag while 37 Mt of unweathered mineralized rock average 3.95 ppm Au and 22.4 ppm Ag. Cutoff grades are 0.8 ppm Au in the oxidized ore and 2.5 ppm Au in the unweathered rock .
Mapping of precious metal values indicates that the orebodies are funnel-shaped RUSSELL et al., 1986) . The throat of the funnel is
. siderite are common products of diagenesis in organic-rich sediments, but their occurrence <200 m apart in a single restricted basin requires lateral juxtaposition of methanic and C-rich sulfidic diagenetic environments (as defined by MAYNARD, 1982) ; an unlikely situation. A more likely possibility is that the disseminated pyrite formed by sulfidation of siderite. KETrLER et al. (1990) defined the term Degree of Sulfidation (DOS):
wt% S DOS -
(1) 1.15 (wt% Fe) to evaluate the relative importance of sulfidation versus pyrite addition in rocks at Pueblo Viejo. DOS is defined as the mass ratio of S to Fe in the rock divided by the mass ratio of S to Fe in pyrite. Note that DOS differs from the Degree of Pyritization (DOP) defined by BERNER (1970) . DOS was used rather than DOP because determinations of the amount of Fe soluble in HCI were not available.
DOS values are higher in mineralized rocks than in unmineralized rocks with values ranging from 0.25 in DDH-223 to 1.5 in DDH-240 (KETTLER et al., 1990) .
Although it is not impossible for DOS values approaching unity to be produced by pyritization alone, the amounts of pyrite that must be added to the rock to accomplish this exceed the amounts typically observed. For example, in order to increase DOS from 0.25 to 0.9 by pyrite deposition alone, a rock that contained 5% non-sulfide Fe initially would have an Fe content of >30% after pyrite deposition was complete. Iron contents exceeding 10% are rare in rocks at Pueblo Viejo although DOS values exceeding 0.95 are widespread (KET' fLER et al., 1990) , Pyrite deposition alone, without sulfidation, would not produce the high DOS values observed at Pueblo Viejo. A spatial coincidence between sulfidation and Au mineralization is indicated by mapping DOS and precious metal values (KETTLER et al., 1990) . These relations indicate that rocks were sulfidized during hydrothermal activity and that inorganic phases acted as sinks for S. Having established that sulfidation of the inorganic components of the rocks occurred it is appropriate to examine the organic components of the rock for evidence of sulfidation.
SULFIDATION OF ORGANIC MATTER AT
PUEBLO VIEJO
Organic matter in the carbonaceous sedimentary rocks
Organic matter in the sedimentary rocks comprises vitrinite and pyrobitumen. Coalified fragments of trees and other land plants can be observed in hand sample. Small fragments of fusinite with preserved cell walls can be observed locally in thin section (Fig. Fx6. 3 . Reflected light photomicrographs of organic macerals from carbonaceous sedimentary rocks at Pueblo Viejo. All photomicrographs were taken in plane-polarized light. The scale bar in each photomicrograph is I00 tzm long. a. Fusinite. b. The material labelled "'P" that occurs along the fracture is pyrobitumen. 3a). Pyrobitumen can be identified as structureless organic matter occurring along fractures (Fig. 3b) . The total organic C content (TOC) of unmineralized rock ranges from 1 to 20, whereas mineralized rock rarely carries more than 1% TOC. An example of this relation can be seen in Fig. 4 where the TOC and Au contents of carbonaceous sedimentary rocks in diamond drill hole 242 are plotted against depth. At 146 m depth, mineralized rock is juxtaposed against unmineralized rock and the TOC content increases abruptly. KESLER etal. (1981) observed that ~C : ZS ratios were lower in mineralized rock than in unmineralized rock and ascribed this to oxidation of organic matter to CO 2 during mineralization.
The organic matter in the carbonaceous sedimentary rocks is overmature. Limited Rock-Eval pyrolysis data ( ( KESLER et al., 1986) of small amounts of extractable aliphatic hydrocarbons, fatty acids and alcohols apparently reflect contribution from secondary sources. KESLER et al. (1986) noted a strong even to odd predominance in the fatty acid and alcohol fractions and suggested that these fractions may have been introduced after mineralization. The Soxhlet extracts obtained from samples in this work had a yellow tint which was removed by reaction with Cu. Thus, the yellow tint was produced by native S which is known to occur locally in veins at Pueblo Viejo .
Sulfur content of organic matter
Knowledge of the elemental chemistry of the organic matter is required to understand chemical interaction between hydrothermal fluids and organic matter. Because the organic matter at Pueblo Viejo has a high thermal maturity, its S content could be analyzed by electron microprobe without decomposition of the organic matter. Both vitrinite and pyrobitumen were analyzed by electron microprobe. Microprobe analysis of S allows one to map the distribution of S within individual macerals and within individual samples, as well as the distribution of Fe or other metal cations, to confirm that the S does not occur as finely disseminated inorganic sulfides.
Back-scattered electron and X-ray imaging demonstrate that the S associated with organic matter does not occur as pyrite (Fig. 5) . These images indicate that the S is distributed through the macerals homogeneously. Moreover, only S Ka peaks are observed in wavelength dispersive spectra of organic matter; no metals are observed.
A summary of the electron microprobe data is shown in Table 2 . These analyses were undertaken to determine the amount of S in the organic matter, and to examine the possibility of zoning on the scale of individual macerals or in different macerals within a single thin section. The data are sufficiently precise to address these issues. Individual macerals from two samples ), which were representative of organic matter with high and low S contents, respectively (Table 2), were All samples are black, well laminated, pyritic siltstones. Gold contents are for the 2-m interval from which the sample was obtained. The first three digits in the sample number indicate the drill hole from which the sample was obtained, the last three digits indicate the subsurface depth in meters.
Fl~. 5. Back-scattered electron (BSE) and X-ray images of organic maceral and pyrite grains. The scale bars at the base of each image are 100/~m long. a. BSE image~ The organic maceral is dark and the pyrite is bright, b. X-ray image ofS Ka X-rays. Note the even distribution of S through the organic maceral and the absence of Fe. c. X-ray image of Fe Ka and Kfl X-rays.
analyzed repeatedly. The results of these replicate analyses of individual macerals indicate that the microprobe analyses have a precision of _+0.4 wt% at the 95% confidence level. Because these analyses were made on various spots within single macerals they indicate that S is distributed homogeneously through the macerals; an interpretation supported by the Xray images. The data also indicate that S is distributed homogeneously among different macerals within a single thin section (Table 2) .
Sulfur contents >1% are observed mostly in macerals that were obtained from rocks with ore grade Au mineralization (Fig. 6) , suggesting a genetic relation between sulfidation of organic matter and Au mineralization. A second relation is shown in Fig. 7 ; a comparison of the S content of organic macerals and the DOS of the rocks from which the samples were obtained. Figure 7 illustrates that significant S has been added to the organic matter only where the DOS is greater than or equal to one. In The column marked "n" indicates the number of analyses obtained from a particular maceral. The column marked "wt% S" is the arithmetic mean of all analyses from that maceral. Sample numbers explained in Table 1. other words, S is added to organic matter only when all Fe has been pyritized. This observation indicates that sulfidation of organic matter postdates sulfidation of Fe and that organic matter represents an additional sink for S beyond that provided by metals. The relation between organic matter that contains abundant S and Au mineralization probably reflects the higher average DOS of mineralized rocks.
XANES analysis of organic sulfur
The S-bearing functional group in the organic matter was identified using XANES analysis. X-ray absorption spectra consist of a discontinuity in absorption at the threshold for core electron excitation (Sls in the present case) followed by a gradual decline in absorption with increasing energy. XANES analysis utilizes the position of the absorption edge and the structure of the spectrum immediately adjacent to the absorption edge. It has been shown that the position of the S K-edge is dependent on the formal oxidation state of the S (SPmo et al., 1984; HEDMAN et al., 1986) . The type of S-bearing functional group will also control the structure observed immediately above the edge (Spmo et al., 1984) . To a limited extent XANES can discriminate between different S-bearing functional groups having Fro. 7. Relation between S content of organic matter and degree of sulfidation (DOS) for the 2-m interval from which each sample was obtained. Sulfur content of the organic matter was determined as in Fig. 6 . Note that five samples that appear in Fig. 6 do not appear here because total Fe and S data are not available for those intervals.
the same S oxidation state based on the change in the shape of the edge. The normalized XANES of the organic matterpyrite separate is shown in Fig. 8 . In addition to the absorption edge for pyritic S (2473 eV) a higher energy feature can be observed at 2474 eV. The kerogen pyrite separate was fit with linear combinations of model compounds, using a least-squares procedure. Model compounds included pyrite, native S, disulfides, sulfides, thiols, thiophenes, sulfoxides, and sulfate. The three models for which the best fits were obtained considered sulfide, sulfoxide and thiophenic functional groups (Fig. 9) . The best fit was obtained for a combination of pyritic and thiophenic (2474 eV feature) S (Fig. 9) . Native S would exhibit an absorption edge at 2472 eV, however, the native S is removed during sample preparation when pyrite is removed by reduction using CrCl 2. The occurrence of a thiophene functional group is consistent with the high maturity and aromatic nature of the organic matter.
Significance of hydrothermal sulfidation to gold mineralization
The data presented above demonstrate that organic matter was sulfidized during hydrothermal activity, but they do not show how sulfidation is related to precious metal mineralization. This last point can be resolved by considering the factors that control precious metal transport and deposition.
Precious metals are transported as aqueous complexes in hydrothermal systems (BARNES, 1979) . The amount of Au or Ag that can be transported to the site of deposition and its speciation during transport depend on:
(1) the abundance of complexing ligands and of cations that might compete with Au for these ligands and, (2) the affinity of the precious metal and competing cations for complexing ligands. Precious metal deposition requires a mechanism that will destabilize precious metal-ligand complexes.
Experimental (SHENBERGER and BARNES, 1987; SEWARD, 1973) and theoretical (HELGESON, 1969) work has established that Au can be transported by chloride or sulfide complexes. The ore depositing process can be illustrated graphically using equilibrium constants for the formation of Au complexes and reactions among mineral phases (Table 3, When plotted in log ao,-iog an_, s space the relevant reaction is:
FeCO3 + 2H2S + 0.502 = FeS2 + CO 2 -t" 2H20 (3) which has a slope of -4 in log ao2-1og all: s space. As the activity of H2S and O 2 declined Au deposition would occur through the reaction:
0.5H20 + Au(HS)2 + H + = 2H2S + Au + 0.2502.
The fluid reaction path crosses the Au solubility contours at a high angle in log ao:-log all: s space (Fig.  10 ) because both reduced S and oxidants are consumed during pyritization of siderite. After all the siderite has been converted to pyrite, subsequent packets of fluid passing through the rock will not be FIo. 9. Comparison of normalized XANES spectrum obtained for organic matter-pyrite separate (bold solid line) with model spectra (dotted line). The model spectra are mixtures of pyrite, the functional group or compound shown at the bottom of each figure, and small amounts of sulfate. The solid fine line is the arithmetic difference between the observed spectrum and the model spectrum. The best fit is obtained in Fig. 9C where the S-bearing functional group is thiophene. Table 3 . Diagram drawn for T = 2500C, unit activity of aqueous CO2, pH = 3, and NaCI concentration of 1 m. The standard state for 02 and HES gas is 250"C and 1 bar. The horizontal and sloping contours indicate Au solubility in ppb; where these contours are horizontal Au is complexed by chloride, predominantly; where the contours are sloping Au bisulfide predominates. Data of KESLER et al. (1981) indicate that the solution chemistry would have been near the black dot prior to reaction with sideritic sedimentary rocks. Reaction with siderite would buffer the system on the siderite-pyrite join and "drag" the solution chemistry across Au solubility contours along the path designated by the arrow. Thus, reaction of the fluid with siderite would result in Au deposition. After all siderite had been pyritized the system would not be buffered and subsequent packets of fluid would not deposit Au by this mechanism.
buffered by siderite and will not deposit Au by this mechanism. When pyritization is complete, Au deposition by sulfidation ceases. The details of gold deposition are much more complex than presented here. Figure 10 has been drawn for conditions of fixed pH and aco _, but reactions (2) and (4) both consume acid while reaction (2) also produces CO2. Even though variations in pH and aco _, will affect details of the Au deposition the chemographics of the system are presented fairly in Fig. 10 . Although sulfidation of organic matter is more difficult to model because the structures of the reactant and product organic compounds cannot be characterized precisely, some generalizations can be made. Specifically, it can be shown that production of thiophenic functional groups is an oxidative process except where a S-bearing functional group replaces an oxygen-bearing one. At Pueblo Viejo the final product is an aromatic kerogen with thiophenic functional groups, so it is appropriate to considei" several types of reactions that can produce thiophenic functional groups. These reactions are considered only to illustrate the chemographics of sulfidation reactions; they do not represent specific reactions purported to have occurred. Each of the reactions is written using H2S as the S species. This is done for the purposes of plotting the reactions in chemical space; it is possible (1) -7.76
(1) -6.2
(2) -3.52
(2) -1.61
Explanation of sources: (1) Data taken from file DATA0, (data0.3245R46); generated 13 August 1986. DATA0 is a set of internally consistent equilibrium constants compiled for use with the EQ3 speciation code (Wolery, 1983) . The equilibrium constants in DATA0 were calculated from data in SUPCRT either alone (I-I + , 1-12 O, O2, Fe 3+, Fe 2+, FeCO3, HCO~, Fe203, FeS2) (1978) . (2) HELG~ON (1969) . (3) SHENBERGER and BARNES (1986) .
that other S species are involved in the molecular reactions. One type of reaction possible is the conversion of hexane to dimethylthiophene by the reaction: C6H14 + 202 + H2S = CoHsS + 4H20.
This reaction has a slope of -0.5 in log ao_,-log an,s space, which, because saturated hydrocarbons contain the most highly reduced C atoms, is the maximum slope possible for sulfidation of organic matter. Using other reactants will change the slope but will not change its sign. If sulfidation is modelled by conversion of biphenyl to dibenzothiophene then the elemental sulfidation reaction will be CI2H]0 + H2S + 02 = C12HsS + 2H20.
Because both O 2 and S are required in equimolar proportions, the equilibrium for this reaction will have a slope of -1 in log ao:-log all2 s space. Note that in both of these cases the slope of the "organic" sulfidation reaction is greater than that observed for suifidation of siderite. Sulfidation of ketones to thiophenic functional groups would also have a slope of -1. Finally, the steepest slopes would be produced by suifidation of a di-ketone to a thiophenic functional group:
C6HI002 + H2S = C6H~S + 2H20.
Because this reaction requires substitution of S for carbonyl O, it will be vertical in log ao.,-log all., s space. Although the aromatic rings, alkanes, alkenes, or ketones will be part of a much larger kerogen structure, the important relation is the one between sulfidation and oxidation of C atoms. While the slope of the various reactions can be determined quantitatively, the positions of the reactions cannot be determined with the data available. The dashed lines shown in Fig. 11 are intended to represent the effects of different types of "organic" sulfidation reactions on a hydrothermal fluid. Because these dashed lines represent metastable equilibria and because the positions of these reactions cannot be determined, more extensive discussion, such as construction of a Morey-Shreinemakers' bundle, is inappropriate. All that is known of the position of the reactions that occurred at Pueblo Viejo is that they must lie at lower values of ao: and aH.,S than the original fluid composition. If sulfidation occurred by reaction of native S with organic matter then the fluid chemistry must have intersected the S condensation curve during sulfidation. The precursor compounds are unknown and virtually all the compound types discussed here (with the exception of biphenyl) have been suggested as precursors for the thiophenic compounds observed in oils (SINNINGHE DAMSTI~ et al., 1987 , 1989 DE Roo and HODGSON, 1978) . Could sulfidation of the organic matter cause Au deposition? In principle, the answer is yes. The efficiency and efficacy of "organic" sulfidation as a mechanism for Au deposition is controlled by the position of the reactions in log ao:-log all2 S space as well as by the buffer capacity of the organic matter. Because the sulfidation reactions for most types of organic compounds have negative slopes (as do all reactions for sulfidation of Fe), any "organic" sulfidation reaction could contribute to Au deposition if Au is transported as Au(HS)2; those sulfidation reactions with subhorizontal slopes would contribute to Au deposition regardless of the complexing ligand. The mechanism of Au deposition would differ slightly between sulfidation of siderite and sulfidation of different organic compounds. Sulfidation of siderite effects Au deposition by reduction of aurous cations and de-suifidation of the fluid. In contrast, because reactions for sulfidation of non-oxygenated C compounds have very low slopes (Fig. 11) , Au deposition would be caused primarily by reduction of aurous cations, while sulfidation of diketones could contribute to Au deposition by desulfidation of the fluid. Because the buffer capacity of the organic matter is small, the quantitative effect of sulfidation of organic matter on Au grade is probably also small. One kilogram of rock with 1% TOC and 5% Fe occurring as siderite can consume 1 g S in organic matter (assuming 10 wt% S in organic matter) and 56 g S in pyrite. The ability of organic matter to buffer the oxidation state during sulfidation will similarly be low relative to the ability of Fe to buffer 0 2 content. Thus, although sulfidation of organic matter could cause Au deposition, sulfidation of ferrous Fe is a more powerful means of localizing gold mineralization in Fe-rich rocks. Sulfidation of organic matter could make a more significant contribution to gold grade in Fe-poor systems, such as hydrothermal systems hosted in limestones or dolomites.
CONCLUSIONS
At Pueblo Viejo, organic matter was sulfidized during hydrothermal alteration. The S-bearing functional group has been determined to be thiophenic through the use of XANES. The occurrence of Cbonded S in rocks that had been pyritized completely indicates that sulfidation of organic matter occurred after pyritization of ferrous Fe was complete. Although sulfidation of organic matter could cause Au deposition, the buffer capacity of the organic matter is low relative to that for Fe and this process probably did not have contribute significantly to Au grade at Pueblo Viejo.
This work demonstrates that organic matter can act as a sink for components of hydrothermal fluids. It also demonstrates that sulfidation of organic matter can occur whenever all labile Fe has been pyritized and S-rich fluids remain extant. Sulfidation of organic matter need not be confined to any particular stage of diagenesis. Finally, it should be noted that the behavior of organic matter in hydrothermal systems cannot be assessed completely through determinations of thermal maturity, rather one must describe the alteration of organic matter and relate that alteration to the chemistry of the hydrothermal system.
